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1.0 INTRODUCTION 1.1 BACKGROUND I t is presently planned t o use ion exchange t o remove Cs-137 from the a1 kaline supernates and sludge wash solutions, dissolved saltcakes and other solutions t h a t may be generated as part of tank waste treatment. first step i n selecting the material t o be used a large number of batch contacts were performed w i t h various ion exchange materials and waste simulants containing varying amounts of cesium. These data have been previously reported i n Bray e t . a1 . , 1992.
As the
SCOPE
The scope o f this effort involves the analysis and correlation of the equilibrium data obtained w i t h NCAW and CC waste simulants using the two organic resins CS-100, a phenolic-carboxylic acid resin produced by Rohm and Haas and the resorcinol -formaldehyde (BIB-DJ) resin devel oped a t Savannah River. The goal of the work is twofold;
t o provide equations that represent the equilibrium data t h a t can be used i n modeling the column behavior, and t o provide correlations that will allow prediction of the equilibrium performance of the t w o resins w i t h wastes of different compositions.
APPROACH
The ion exchange system i s a complex system t h a t i s d i f f i c u l t t o rigorously model due t o the large number of components i n the waste and the nonideal thermodynamic behavior of the concentrated ionic solutions and of the ion exchangers. W e attempted t o use the simplest method first and gradually progress t o more complex models. The first model attempted was the simple mass action law. This was followed by converting the equilibrium data into isotherms. Various isotherm models were t r i e d i n succession: the Langmuir (Langmuir, 1916) , the Freundlich (Freundlich, 1926 ) and a combination Langmuir-Freundl ich (LF) isotherm (Koble and Corrigan, 1952 However, the crosslinks hold the resin particles For the following analysis we have assumed that the system can be treated as a binary system involving sodium and cesium only. Many o f the tank wastes contain significant amounts of potassium so this analysis may need to be modified to account for this. In a multi-ion solution that exhibits ideal solution behavior, the binary exchange equilibrium coefficients' (separation factor) would be identical to those for the respective binary systems. The actual system may not be quite so well behaved because the binary equilibrium coefficients are affected by the composition of the solvent in the resin and this depends on the properties of the counter-ions that are present in the resin .
The cesium exchange reaction with sodium may be written as; Q can be determined directly from the intercept and Keq can be determined from the slope, the estimated value of Q and the known sodium concentration. Note that with the very low cesium concentrations used in the experiments, the sodium concentration is essentially constant.
We actually used a nonlinear curve fitting routine based on the Marquardt-Levenberg algorithm that is part of the SigmaPlot graphing software. The routine allowed us to enter Equation 2 as given and specify which parameters to fit. The algorithm determined the specified parameters (Q, K, , ) such that the sum of the squares of differences between the dependent variable ([Cs],) in the equation and the data was minimized subject to a specified . weighting function. We used a weighting function of l/y'.' where y was the cesium concentration on the solid to multiply the square of the differences. This gave the data, at low concentrations of cesium more weight, allowing a better fit for the correspondingly small differences between the data and the curve fit. Without this weighting function, only one or two data points at the highest cesium concentrations were significant. The exponent n can be determined from the slope and the constant K can' be determined from the intercept. Again we used the nonlinear curve fitting routine in SigmaPlot. Unfortunately the Freundl ich isotherm only fits the data at low concentrations of cesium since it does not account for the fact that the ion exchange materials have a finite capacity. to fit the data for the CS-100 resin.
Unfortunately Equation 2 did a poor

Equation 6 was used
The BIB-DJ resin has a much greater selectivity for cesium and exhibited saturation behavior at higher concentrations of cesium. This indicated that a significant fraction of the ion exchange sites were occupied by cesium. 
Consequently we decided that the a combination of the Langmuir and Freundlich
This equation contains characteristics of both the Langmuir and
The L-F equation can not be readily rearranged into a form in which the parameters can be easily determined graphically. Consequently the 3 parameters in the equation were determined using the nonlinear curve flitting routine in SigmaPlot.
2.7
3.0 RESULTS AND DISCUSSION Some of the results of the data analysis are contained i n :this section although due t o the large number of graphs the actual data and curve f i t s can be found i n the Appendices A and B.
CS-100 Eauil i brium Data -Freundl ich Isotherm
An example of the data and the f i t of the Freundlich isotherm is shown i n Figure 3. 1. In general, a l l of the data obtained f o r . t h e CS-100 resin f i t well using the Freundl ich isotherm. The experimental conditions investigated did not approach the ultimate loading capacity of the resin. 
(b) i l l u s t r a t e s t h a t the cesium selectivity
The variation of the Freundlich isotherm parameters K and n are shown i n Figure 3 .2 for the CS-100 data as a function of sodium and temperature.
parameter K can be seen t o decrease withatemperature and sodium concentration. This is consistent w i t h general observations of the equilibrium data which indicates that the selectivity of the CS-100 resin for cesium decreases w i t h an increase i n sodium concentration and temperature. The p-arameter n can be seen t o decrease slightly w i t h an increase i n sodium although i t i s relatively constant a t a sodium concentration greater than 1 B. The parameter n also exhibits a s l i g h t increase with temperature. exhibit the same trends i n temperature and sodium concentration f o r the two waste types.
The
In general, the parameters For comparison, a value of 0.71 was reported (Samanta, 1992) f o r n w i t h a solution containing 1.0 fl NaNO, , and 0.1 fl NaOH. The n's obtained i n the two different s e t s of experiments are reasonably similar and the differences could be due t o the complex s o l u t i o n mixture used i n our experiments or t o the fact that different resin batches were used that were possibly produced w i t h different methods. 
(a) Effect of Variation of Temperature
